Globe artichokes (Cynara scolymus L.) were grown for 2 years in artificially salinized field plots in the irrigated desert area near Brawley, Calif. Saline treatments were imposed by irrigation with waters that contained equal weights of NaCl and CaCl,. Increased incidence and severity of Ca deficiency in the inner bracts of artichoke buds were directly related to increased levels of salinity. The Ca-deficient bracts were subject to infection by species of Botrytis and Erwinia. The number of marketable artichokes was reduced 20% or more when irrigation water salinity exceeded 2.0 dS·m -1 , and up to 50% at 10 dS·m -1 . Calcium deficiency in the artichoke bud is believed to be the result of disparate Ca distribution among the tissues, which is caused by high transpiration rates in the desert environment and the reduction in root pressure by soil salinity. Elemental analysis of leaf tissues can not be used to predict Ca deficiency within the artichoke buds.
coastal area is uniformly mild, cool, and foggy in summer, with relatively few frosty nights in winter, the desert area has extreme temperature fluctuations between day and night during summer and winter.
Cultural practices also differ between the two areas. In the coastal counties, new plantings are vegetatively propagated from basal stem pieces with attached root sections. Once established, these plantings are maintained in perennial culture for 5 to 10 years (Ryder et al., 1983) . In contrast, artichokes grown in the desert area are generally seed-propagated annuals.
These new desert plantings may be on soils where salinity problems already exist or may develop. Although this study was initiated to Table 1 . Elemental composition of leaf blades (B) and midribs (M) from artichokes grown at six levels of salinity in 2 years. z ppm or mg·kg -1 = mmol·kg-1 × atomic weight y Single-degree-of-freedorn comparisons. NS , *, **, ***Nonsignificant or significant at P = 0.05, 0.01, or 0.005, respectivey. Table 2 . Elemental composition of inner and outer bracts sampled from artichoke buds grown at six levels of salinity in 1987. z ppm or mg·kg -1 = mmol·kg-1 × atomic weight y Single-degree-of-freedom comparisons. NS , *, **, ***Nonsignificant or significant at P = 0.05, 0.01, or 0.05, respectively.
determine the effect of salinity on artichoke yield, this paper discusses a salinity-induced Ca deficiency observed during the study. Artichoke seed used in this study was the germplasm breeding line '86-024' released in 1986 by the Agricultural Research Service, U. S. Dept. of Agriculture. Seed of this breeding line is from the fourth generation of within-line sib pollination of an original cross between an unidentified line from France and an Italian line obtained from V. Ru-batzky, Univ. of California, Davis.
Seed was planted 22 Sept. 1986 and 17 Sept. 1987 in 18 level field plots located at the Irrigated Desert Research Station, Brawley, Calif. Each plot (6 × 6 m square) contained six rows 0.9 m apart, with seed placed 0.15 m apart within each row. After establishment, the seedlings were thinned to a 0.75respacing within each row. This plant spacing provided a population of ≈14,000 plants/ ha. Plot soil was a Holtville clay [clayey over loamy, montmorillonitic (calcareous), hyperthermic Typic Torrifluvent]. Each plot was enclosed by acrylic-fortified fiberglass borders that extended 0.75 m into the soil. The fiberglass borders protruded 0.15 m above the soil level of the plot and were covered with a berm 0.18 m high and 0.60 m wide. Walkways, 1.2 m wide, between plots and good vertical drainage effectively isolated each plot.
Before planting, triple superphosphate was mixed into the top 0.25 m of soil at the rate of 73 kg P/ha. To ensure adequate N fertility throughout the experiment, Ca(NO 3 ) 2 was added at each irrigation at 0.14 kg N/ha per millimeter of water applied. The soil contained adequate levels of K, so no additional K was added.
The experimental design consisted of six treatments replicated three times in a randomized complete block design. At the time of planting each year, the soil profiles in each plot had been differentially presalinized with the same quality irrigation waters that were to be used throughout the study. To ensure good germination, 90 mm of lowsalinity water (1.4 dS·m -1 ), was applied before planting to leach salts below the seed bed, another 90 mm of low-salinity water was applied after planting to prevent soil crusting.
Approximately 35 days after planting, when the plants were at the three-to four-leaf stage of growth, differential salivation was resumed. Irrigation water salinities were increased stepwise in two increments over 14 days by adding equal weights of NaCl and CaCl 2 until desired salt concentrations were achieved. The electrical conductivities of the six irrigation waters (κ iw ) both years were 1.4 (control), 2.0, 4.0, 6.0, 8.0, and 10.0 dS·m -1 . All plots were irrigated about every 3 to 4 weeks during both growing seasons to keep the soil matric potential of the control treatments above 85 kPa in the 0.15-to 0.30m zone. The total amounts of irrigation water applied during the growing season were 563 mm in 1986-87 and 463 mm in 1987-88. The electrical conductivity of the saturated-soil extract (κ e ) was determined on soil samples taken three times each year during the growing season. Samples were taken within the plant row in 0.3-m increments to a depth of 0.9 m. The average κ e over the course of the experiment was 4.6, 6.6, 7.4, HORTSCIENCE, VOL. 26(5), MAY 1991 8.7, 10.6, and 11.6 dS·m -1 in 1986-87 for the six treatments, and 4.4, 5.9, 8.3, 10.4, 11.3, and 13.8 dS·m -1 in 1987-88.
The mean daytime high temperature for the month preceding the first harvest was 23C in 1987 and 26C in 1988. During the harvest period, the mean highs were 31C and 30C in 1987 and 1988, respectively. The respective cumulative Class A pan evaporation during the same preharvest and harvest periods were 218 mm and 370 mm in 1987 and 214 mm and 466 mm in 1988.
Artichokes were harvested when their cir-cumference exceeded 250 mm. The first harvests occurred on 20 Mar. 1987 and 17 Mar. 1988 . Subsequent harvests were made at 5to 6-day intervals for the next 48 days in 1987 and 30 days in 1988. The onset of plant senescence and delayed artichoke development determined when harvests were discontinued. At harvest; each artichoke was weighed and the circumference measured. In addition, the outer bracts of each artichoke were removed to determine damage to the inner bracts. The extent of damage was then rated from 0 (no damage) to 4 (extreme damage). Artichokes exhibiting damage of the internal bracts were examined for pathogens at the Plant Pathology Dept., Univ. of California, Riverside.
Outer bracts (whorls 1, 2, 3) and inner bracts (whorls, 5, 6, 7) were sampled for elemental analysis from artichokes harvested in 1987. In addition, mature, fully expanded leaves were sampled midway through the 1987 and 1988 harvest. Leaf midribs were removed from the rest of the leaf blade for separate analysis. All sampled material was washed, dried at 70C, and finely ground in a blender. Nitric-perchloric acid digests of the sampled material were analyzed for Ca, Na, Mg, and K by atomic absorption spectrophotometry.
Calculated coefficients for unequally spaced treatments were used to determine single-degree-of-freedom comparisons.
The first indication of a physiological disorder was a brown discoloration on bracts in whorl 5, 6, and 7 of the bud. The damage usually occurred along the midmargin of these bracts (Fig. 1) . However, in some instances, the discoloration occurred slightly internal from the midmargin (Fig. 2) . The size of the damaged area was directly related to the salinity treatment. As salinity increased, the damaged area enlarged inwardly toward the center of the bract and upwardly toward the tip. At a κ iw of 10 dS·m -l , the damage encompassed the entire upper two-thirds of each bract. Regardless of salinity treatment, the lower one-third of each bract was never affected.
Brown discoloration has been associated with Ca deficiency in other crops (DeKock et al., 1975; Faust and Shear, 1968; Spurr, 1959) . It is reported to be the result of polyphenol oxidation that occurs in Ca-deficient tissues (Kirkby and Pilbeam, 1984) . When Ca is adequate, this oxidation is inhibited by chelation of the phenolic compounds (DeKock et al., 1975) . calcium deficiencies in various crops have been associated with high temperature. Spurr (1959) reported a high incidence of blossomed rot of tomatoes following periods of high field temperatures. The occurrence of tipbum of lettuce has been associated with high temperatures (Tibbitts and Rae, 1968) . Geraldson (1954) has suggested that high temperature, through its effect of increasing transpiration, might be partially responsible for the high incidence of blackheart in greenhouse-grown celery.
Since long-distance transport of Ca from the roots to the shoots of plants is thought to occur in the xylem by way of the transpiration stream (Bell and Biddulph, 1963; Biddulph et al., 1961) , the distribution of the ion is closely related to the intensity of the transpiration rate (Clarkson, 1984) . However, high transpiration rates have been found to decrease rather than increase Ca influx into low-transpiring organs, such as rosettes of cauliflower (Brassica oleracea L. Botrytis group) (Krug et al., 1972) or the inner leaves of cabbage (Brassica oleracea L. Capitata group) (Palzkill et al., 1976) and lettuce (Bangerth, 1979) . The Ca in the xylem sap is directed to the high-transpiring outer leaves at the expense of the inner leaves or the rosettes.
In addition to transpiration, root pressure plays an important role in Ca transport within the plant. Root pressure flow occurs under conditions that discourage transpiration and encourage ion and water uptake by the roots (Kramer, 1969) . This occurs particularly at night or during periods of high relative humidity when transpiration is greatly reduced. The importance of root pressure in the transport of Ca has been reported by Palzkill and Tibbitts (1977) , who showed that the lowtranspiring leaves from the inner head of cabbage obtained adequate amounts of Ca only when root pressure occurred. Similar evidence of the beneficial effect of root pressure has been reported for leaves enclosed in the stipules of strawberry (Fragaria ananassa Duch.) (Guttridge et al., 1981) .
Salinity in the soil solution has been shown to significantly reduce root pressure and, thus, cause Ca deficiencies in low-transpiring tissues (Bradfield and Guttridge, 1984; Ende et al., 1975) . The Ca deficiency observed on the inner bracts of the artichoke buds in this study likely is the result of reduced Ca transport, a result of reduced root pressure as salinity levels increased. Calcium concentration in the leaf blades and midribs, as well as in the outer bracts of the buds, was significantly higher than the concentration in the low-transpiring inner bracts (Tables 1 and  2) . With increasing levels of salinity, Ca concentration in the midribs and outer bracts increased significantly, while the concentration in the inner bracts decreased significantly. Although the plant took up an abundance of Ca under saline conditions, the distribution of the Ca within the plant was predominantly to the high-transpiring leaves and outer bracts. Root pressure, which would normally provide a mechanism for Ca movement to the inner bracts, was severely reduced as soil salinity increased.
Although excess Mg, K, and Na in the root zone has been shown to enhance Ca deficiencies in diverse crops (Cerda et al., 1979; Geraldson, 1957; Maas and Grieve, 1987) , they apparently did not contribute to the Ca deficiency in this study. The concentration of these ions in the Ca-deficient inner bracts showed no significant change as salinity increased (Table 2 ). In contrast, the leaf and outer bract tissues that contained abundant Ca showed that Mg and K concentrations tended to decrease while Na increased with increased levels of salinity (Tables 1 and 2) . Although Ca and Na were the two salinizing cations in this study, the concentration of Ca in the leaf and outer bract tissue would indicate that the competition from Na in the soil solution for uptake and translocation was insufficient to cause a Ca deficiency.
Since Ca was not limiting in either the leaf blade or midrib, mineral analyses of these tissues would not provide information pertaining to the Ca deficiency occurring within the buds.
Physiologically, Ca in an integral component in the protein-pectin "cement" of the middle lamella (Clarkson and Hanson, 1980) . When Ca concentration is low, there is an associated decomposition of the middle lamella (Poovaiah, 1979) . This decrease in cell wall integrity may well be an important factor in tissue susceptibility to fungal attack (Bangerth, 1979; Poovaiah, 1979) .
Shortly after the initial brown discoloration of the tissue, the affected area turned black. A pathological test of the tissue showed the presence of Botrytis and Erwinia spp. Although botrytis rot has long been associated with artichoke production in California (Link et al., 1924) , it is not a particularly severe problem in the field, except during periods of rainy weather and moderate temperatures accompanied by high humidity (Sims et al., 1977) . Link et al. (1924) reported that the optimum temperature for Botrytis growth is between 22 to 25C and that adequate moisture must be present to enable the pathogen to establish and maintain itself. The soil salinity and climate under which the artichokes were grown in this study provided ideal conditions for Botrytis infection; i.e., susceptible tissue, optimum temperature, and, presumably, moisture held in tightly packed inner bracts.
Once the infection became established in the Ca-deficient bracts, it advanced progressively inward to bracts near the bud center. The severity of the infection in these bracts appeared to be directly related to salinity treatment. Occasionally, the outer bracts on buds harvested late in the season from the highest salinity treatment also became infected.
At harvest, the severity of the Ca deficiency and the subsequent fungal infection were rated from 0 (no damage) to 4 (extreme damage) for marketability of the artichokes (Table 3 ). Buds rated 2 or higher were determined to be unmarketable.
As salinity levels increased, the percentage of unmarketable buds increased. The use of irrigation waters that contained salinity levels of 2.0 dS·m -1 caused moderate to extreme damage in ≈ 20% of the artichokes harvested. At 10 dS·m -1 (κ iw ), as much as 50% of the crop was considered unmarketable.
Damaged and undamaged buds, harvested from the same salinity treatment, showed no significant difference in weight or circumference (data not presented).
Although Ca sprays have been used to help alleviate Ca disorders in some crops (Kirkby and Pilbeam, 1984; Thibodeau and Minotti, 1969) , they may or may not be beneficial in reducing the Ca disorder observed in this study. Instead, to overcome this Ca-related disorder, it maybe necessary to make use of possible genotypic differences within the artichoke species with regard to the maintenance of root pressure and the distribution of Ca at both the tissue and cellular level.
